T HAT multiple alterations in hemostasis may occur during subacute hj r persensitivity reactions in the rabbit was suggested by demonstrations of physiological and histological changes during experimental procedures. 1Â n initial delay in blood coagulation was followed by the subsequent development of intralummal aggregates of formed elements of the blood and of thrombi in association with inflammatory involvement of vascular and perivaseular tissue. Since pathophysiological alterations in the histopathogenesis of cardiovascular-renal sensitization can only be partially explained by histamine and serotonin release, 4 consideration was therefore given to possible participating roles for components of hemostatic and fibrinolytic systems. Evidence for their association with other hypersensitivity mechanisms has been offered and reviewed. 5 Our experimental approach through an evaluation of pharmacological influences on (1) coagulation abnormalities and (2) related histopathological changes associated with the emergence of hypersensitivity vasculitis is reported here. Agents whose properties include effects on blood coagulation, fibrinolysis and thrombolysis, and blood "sludging" were employed during responsible phases of antigenantibody union in the rabbit.
Methods "Serum sickness" in the rabbit, manifested by lesions of pulmonary arteritis, glomerulitis, and myocarditis, induced by the technique of passive reversed subanaphylactic sensitization, 3 of a purified bovine plasma protein through the marginal ear vein. Twenty-four hours later, serum was obtained from blood withdrawn through the central artery of the ear to ascertain the presence of circulating antigen by interfacial serum precipitin tests with corresponding antiserum. The animal was then immediately subjected to challenge with 2 to 3 mg. of corresponding antibody X contained in antiserum prepared from blood taken by cardiac puncture from rabbits that had been immunized with the bovine antigen in Freund's incomplete adjuvant. This amount of antiserum was diluted in physiological saline to a total volume of 50 ml., administered by slow intravenous drip through a marginal ear vein at a rate of approximately 20 drops per minute, and adjusted in each animal to avoid precipitating overt manifestations of anaphylaxis. Twenty-four hours later, each animal was sacrificed by air embolism and multiple tissue sections were taken from the lungs, heart, and kidney and prepared for histological study. Eighty-eight albino, male rabbits, ranging in weight from 2 to 2.5 Kg., were employed in passive reversed subanaphylaetic sensitization procedures. These were divided into 11 experimental groups, each consisting of eight animals. Within each group, four members were sensitized and challenged with a bovine serum albumin (BSA) antigen-antibody system and four with a bovine gamma globulin (BGG) system. One group of eight served as controls, while each remaining group received one particular pharmacological agent in addition to the antigen and antiserum. A list of these, together with respective dosages, established and accepted as pharmacologically effective for this series, and the times of their administration are given in table 1.
Coagulation times were measured by the capillary tube method utilizing blood samples obtained by nicking an ear vein with a hypodermic needle. Prothrombin times in those experiments requiring control of Coumadin sodium dosages were measured by the method of Quick utilizing Simplastin (AVarner-Chileott). Results
The average coagulation time of antigentreated control rabbits was 1 minute, 22 seconds. Immediately following antiserum challenge, a rise was noted in all animals in four animals, and 10 mg./Kg. in four. All other averaging 5 minutes, 54 seconds. A gradual lowering then followed, averaging 2 minutes, 50 seconds within 15 minutes; 2 minutes, 30 seconds within 45 minutes; and returning to normal limits within 105 minutes postchallenge. The efficacy of heparin-neutralization action of protamine and hexadimetrine was indicated by evidence of their own anticoagulant eifects causing elevated coagulation times when given in excess dosage. Exogenous heparin administration resulted in complete inability of the blood to clot throughout the two-hour periods between successive dosages. Coumadin sodium resulted in elevation of prothrombin times persisting throughout the entire experimental period. Fibrinolyticaffeeting agents failed to influence coagulation times in comparison with the control group. Histopathologieal evidence for the efficacy of anticoagulant agents was demonstrated by the small focal areas of alveolar and intraseptal hemorrhage found within pulmonary parenchyma.
Lesions demonstrated in the lungs, kidneys, and heart were typical of those noted and described in previously reported studies. 1 " 3 Briefly, these included the following:
Arteritis
The small pulmonary arteries and arterioles were chiefly involved in segmental fashion. These exhibited varying degrees of perivascular and adventitial infiltrations, chiefly with eosinophilic granular cells and with lesser numbers of polymorphonuclear leukocytes. Often these cells were observed in nodular-granulomatous-like collections about por-Circvlation Research, Volume IX, July 19C1 tions of the affected vessel. Perivascular cellular infiltrates often extended into adjacent pulmonary parenchyma. Eosinophils were also seen infiltrating the intima and through the media. Edema, disruption in the morphological continuity and early proliferation of endothelial cells occurred within the intima. Intraluminal thrombus and cellular aggregate formation were frequently noted. Adventitial and medial edema were evident but rarely were mural necrotic changes demonstrated.
Glomerulitis
Renal lesions consisted of glomerular alterations characterized by leukocytic infiltrations, edema of the basement membrane and endothelial cells, and increased glomerular cellularity.
Myocarditis
Myocardial lesions consisted of scattered collections of eosinophilic granular cells within the interstitial tissue. Occasionally, cellular infiltrations within focal areas of the right ventricular wall were associated with other inflammatory changes consisting of interstitial edema and necrosis of myocardial fibers.
Within each of the 11 experimental groups, there were no significant differences noted in hemostasis or histopathological alterations among those rabbits subjected to BSA and those to BGG antigen-antibody systems.
A summary of microscopic pathological findings for the eight experimental groups of sensitized-challenged and treated animals is given in table 2.
Discussion
Although evidence for heparin release 0 and fibrinolytie activity 7 " 8 in anaphylactic reactions has been documented, their exact roles are ill-defined. It is not understood whether these associations represent cause or effect phenomena. However, there is reason to suspect that both these mechanisms might influence the vascular tissue response to immune processes as represented by the experimental model studied here.
It is known that the action of heparin fa- *a = attenuated lesions. This classification applied where only one to two vessels in the multiple lung section were affected and to a very mild and often equivocal degree, with a light, narrow cellular perivascular ringing, and the absence of medial and/ or intimal involvement. vors disruption in the integrity of the vascular endothelial barrier. 9 Thus, initial attempts were directed to neutralization of the endogenous mechanism of prolonged clotting following subanaphylactic sensitization. However, heparin antagonists were ineffective in preventing endothelial damage and subsequent penetration and infiltration of inflammatory cells through the walls of the involved vasculature.
The next step was concerned with those agents that might influence the subsequent development of thrombi or micro-emboli. However, the promotion of good anticoagulant effects at the levels of action of exogenous heparin, Coumadin, citrate, and EDTA and the reported "desludging" action of hydroxj'chloroquine 10 were without histopathogenetic influence. It is possible that the strong thrombus-promoting effect of an intravascular cellular aggregate 11 and/or embolic antigenantibody precipitate 12 serving as a nidus may partially account for irreversibility.
The failure of citrate and EDTA to suppress these tissue manifestations of the immune process through possible interference with calcium participation in the in vivo complement system 13 is also noteworthy.
A role for rabbit platelets in antigen-antibody reactions has been demonstrated. 14 ' 13 A study of experimental vascular sensitizing procedures in platelet-deficient animals could therefore be a significant contribution. However, all attempts to induce selective thrombocytopenic states in rabbits, including the use of ristocetin described by Gangarosa and co-workers, 10 were unsuccessful.
Attempted enhancement of fibrinolysis and thrombolysis through the use of the human "plasminogen-activated" serum fraction 17 was without influence on the ultimate histopathological picture. Only with streptokinase could a definite attenuating effect on the development of lesions of periarteritis and panarteritis be demonstrated. Although SK is also capable of plasminogen-activation in the rabbit, 18 modification of vascular tissue damage may be attributed to its anti-inflammatory properties. 19 Similarity of action of trypsin,-0 however, was not evident in this instance.
Summary
The effects of hemostatic-and fibrinolytieaffeeting pharmacological agents upon the experimental model of hypersensitivity vasculitis of the rabbit were studied. The technique of passive reversed subanaphylactic sensitization with bovine serum albumin and gamma globulin antigen-antibody systems was utilized in the production of lesions of pulmonary periarteritis and panarteritis, and myocarditis. Experimental procedures included attempts at inducing simultaneous : (a) anticoagulant effects at the levels of action of heparin, coumadin sodium, ethylene-dianiine tetra-acetic acid, and sodium citrate; (b) neutralization of endogenous heparin release with protamine and hexadimetrine bromide;
(3) enhancement of fibrinolytie systems with plasmin, streptokinase, and trypsin; (d) blood "desludging" with hydroxychloroquine sulfate. Only streptokinase with anti-inflam-matory properties exerted a suppressive and attenuating effect on the development of lesions of periarteritis and panarteritis.
